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??????????? .
???: 　?????? ;????? ;??? ;???
1　?　　?
????: 2006-12-15
????:??????????????? ( 70371058; 70531040) ,??????“ 985”???????????
??? CERG?? ( B-Q00U)??
　　? Cha rnes???? C2R?? [1 ]?? ,?????? ( Da ta Envelopment Analysis,
DEA)??????? ,???????????? .???? DEA??? ,??????
???????????“???” ( Sum Fo rm)??? .???????????????
?????? [2, 3 ] ,?? DEA?????????????????? “???”
( Intersection Fo rm )
[ 4] ,?????????? DEA??: C2R?? , BC2?? [5 ] , FG?
? [6 ] , ST?? [ 7] ,?? WY?? [8 ] .
???????????? ,?????? DEA?????? ,?????????
??? .?? ,??????????? ,????????????????????、?
?、????????“??” ( Congestion)??? ,??????????? .???? ,?
???? ,?????????????????????????? .?? ,????? ,
????????????????????????????? ,???????? ,?
??????????? .
DEA??????????????“??”?? .???????????????
???????? .????????????????—“ DEA???” [ 9] .
2　???????????????
??????? ,??????????? ,?????????? ,???????
??? .????? n????? ( Decision Making Units)?:
( xj ,yj ) ,　 j = 1, 2,… ,n ( 1)
?? xj∈ Rm , yj∈ Rs????? j????????????? ,? x j > 0, yj > 0, j = 1,
2,… ,n. ??????????
T = { ( x , y )|?? x ∈ Rm ,?? y∈ Rs }
????? ,?????????????? ,??????????????????
? .??? , DEA????????????????? [5, 8, 10, 11 ]:
1)?????: (x j , yj )∈ T , j = 1, 2,… ,n.
2)????: ? (x , y )∈ T , (x , y )∈ T ,T∈ [0, 1] , ?T(x , y )+ ( 1-T) (x , y )∈ T .
3. 1) ?????? (?????????????? ): ? (x , y ) ∈ T ,x  x ,? (x ,
y )∈ T.
3. 2) ?????? (?????????????? ): ? (x , y ) ∈ T , y  y ,? (x ,
y
 
)∈ T.
4. 1) ???? (????????????? ): ? ( x , y )∈ T ,T∈ [0,∞ ) ,?T(x ,
y )∈ T.
4. 2) ????? (????????????? ): ? (x , y )∈ T ,T∈ [0, 1 ] ,?T(x ,
y )∈ T.
4. 3) ????? (????????????? ): ? (x , y ) ∈ T ,T∈ [1,∞ ) , ?
T(x , y )∈ T .
5)?????: ?? T????? 1)— 4)????????????? (????
a ) ,b) ,c ) ,d )? e) ) .
??? C2R?? , BC2?? , FG?? , ST??? WY???“???”???????
??: ①
T
  = (x , y )
∑n
j= 1
λj xj + W4s- = x ,∑n
j= 1
λj yj - s+ = y ,y 0, s- , s+  0,
W1 (∑n
j= 1
λj + W2 ( - 1)W3λn+ 1 ) = W1 ,λj  0, j = 1, 2,… ,n ,n + 1
( 2)
??W1 ,W2 ,W3 ,W4???? 1? 0??? .?W1 ,W2 ,W3 ,W4???????????????
???????:
a )? (W1 ,W2 ,W3 ,W4 ) = ( 0,* ,* , 1)? , T  = T C2R ,??
T
 
C2R } = { ( x ,y )|∑n
j= 1
λjx j  x ,∑n
j= 1
λj yj  y 0,λj  0, j = 1, 2,… ,n}
　　?? T C2R???? 1) , 2) , 3. 1) , 3. 2) , 4. 1)? 5)????? .
b)? (W1 ,W2 ,W3 ,W4 ) = ( 1, 0,* , 1)? , T  = T BC2 ,??
T BC2 = { (x , y )|∑n
j= 1
λjx j  x ,∑n
j= 1
λj yj  y 0,∑n
j= 1
λj = 1,λj  0, j = 1, 2,… ,n }
　　?? T BC2???? 1) , 2) , 3. 1) , 3. 2)? 5)????? .
c)? (W1 ,W2 ,W3 ,W4 ) = ( 1, 1, 0, 1)? , T  = T FG ,??
T FG = { (x , y )|∑n
j= 1
λj xj  x ,∑n
j= 1
λjyj  y 0,∑n
j= 1
λj  1,λj  0, j = 1, 2,… ,n }
634? ??? ,?: DEA?????????????
① ????: ??????????? ,???????? ,???????? ;?W1 ,W2 ,W3 ,W4????
???? ,????“· ”?? C2R , BC2 , FG , ST ,?? WY.
　　?? TFG???? 1) , 2) , 3. 1) , 3. 2) , 4. 2)? 5)????? .
d)? (W1 ,W2 ,W3 ,W4 ) = ( 1, 1, 1, 1)? , T  = T S T , ??
T S T = { (x , y )|∑n
j= 1
λj xj  x ,∑n
j= 1
λj yj  y 0,∑n
j= 1
λj  1,λj  0, j = 1, 2,… ,n }
　　?? T ST???? 1) , 2) , 3. 1) , 3. 2) , 4. 3)? 5)????? .
e)? (W1 ,W2 ,W3 ,W4 ) = ( 1, 0,* , 0)? , T  = T WY , ??
T WY = { ( x ,y )|∑n
j= 1
λjx j = x ,∑n
j= 1
λj yj  y 0,∑n
j= 1
λj = 1,λj  0, j = 1, 2,… ,n }
　　?? T WY???? 1) , 2) , 3. 2)? 5)????? .
3　?????????
?? ( 1)??? n????? ( xj , yj ) , j = 1, 2,… ,n ,??????? Q:
Q= { (k,_ ,W1_ 0 )|kxj - _ yj+ W1_ 0 0, j= 1, 2,… ,n ,W4k 0,_ 0,W1W2 ( - 1)W3_ 0 0}
????????????????? [2, 3 ] ,???????????????????
?:
Q= {∑l 
k= 1
Tk (kk ,_ k ,W1_ k0 )|　Tk  0,k = 1, 2,… , l }
?? (kk ,_k ,W1_ k0 ) (k = 1, 2,… , l )? Q?????? ,? (kk ,_ k )≠ 0,W4kk 0,_ k  0,
W1W2 ( - 1)W3_ k0  0,k = 1, 2,… , l . ??
T- = { (x , y )|x 0, y 0,kk x - _k y+ W1_k0  0,k = 1, 2,… , l } ( 3)
??????? 1,?????? [4 ].
?? 1　 T  = T- .
???? 1, T- ?????? T  ????? ,?????“???”?????? .??
?? ,???? k′( 1 k′ l ) ,??kk′ ≠ 0,????? k″( 1 k″ l ) ,?? _ k″ ≠ 0.?
??? DEA??????????? ,? W1 ,W2 ,W3 ,W4?????? ,?? T- ?????:
a )??? {C2R }??????:
T-C2R = { (x , y )|x 0,y 0,kkC2Rx - _ kC2Ry 0, k = 1, 2,… , lC2R }
??kkC 2R  0,_ kC2R  0, (kkC2R ,_kC 2R ) ≠ 0,k = 1, 2,… , lC2R ;
b)??? {BC2 }??????:
T-BC2 = { (x , y )|x 0, y 0,kkBC2x - _ kBC2y + _ k0BC 2 0,k = 1, 2,… , lBC2 }
??kkBC 2 0,_ kBC2  0, (kkBC2 ,_kBC 2 ) ≠ 0,_ k0BC2 ∈ R1 ,k = 1, 2,… , lBC 2;
c)??? FG??????:
T-FG = { (x , y )|x 0, y 0,kkFGx - _kFGy+ _k0FG 0,k = 1, 2,… , lFG }
??kkFG 0,_ kFG 0, (kkFG ,_kFG) ≠ 0,_ k0FG 0,k = 1, 2,… , lFG;
d)??? ST??????:
T- S T = { ( x , y )|x 0, y 0,kkS T x - _kS T y+ _ k0ST  0,k = 1, 2,… , lS T }
??kkS T 0,_ kS T  0, (kkS T ,_ S Tk )≠ 0,_k0S T 0,k = 1, 2,… , lS T ;
e)??? WY??????:
T-WY = { (x , y )|x 0,y 0,kkWY x - _ kWY y+ _ k0WY  0,k = 1, 2,… , lWY }
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??kkWY ∈ Rm ,_kWY  0, (kkWY ,_kWY )≠ 0,_ k0WY ∈ R1 ,k = 1, 2,… , lWY .
???????? ,??? DEA????????? ,?????????????
??????? .??????????? ,????????????????????
????? ,????? 4?、? 5??????? .
4　???????
??? ,?? DEA?????????????????: ???????????
??? ,?????—?? DEA?? ;???????????? ,?????—?? DEA
?? .??? j0 ( 1 j0 n )????? ,????? ,???? xj
0
? x0 ,?? yj
0
? y0 ,?
??????? (x 0 , y0 ) ,?????????????????? .
a )??—?? DEA??:
minθ
s. t. ∑n
j= 1
λjx j + W4s- = θx 0 ,∑n
j= 1
λj yj  y0
　　W1 (∑n
j= 1
λj + W2 ( - 1)W3λn+ 1 ) = W1
　　W4s- 0,λj  0, j = 1, 2,… ,n ,n + 1
( 4. a)
?
minθ= θ-
s. t. (θx 0 , y0 )∈ T  ( 4. b)
　　b)??—?? DEA??:
max z
s. t. ∑n
j= 1
λjx j + W4s- = x 0 ,∑n
j= 1
λj yj  z y0
　　W1 (∑n
j= 1
λj + W2 ( - 1)W3λn+ 1 ) = W1
　　W4s- 0,λj  0, j = 1, 2,… ,n ,n + 1
( 5. a)
?
max z = z-
s. t. (x 0 , z y0 ) ∈ T  ( 5. b)
　　?? 1　????? j0???????θ-= 1,??????—? DEA?? .
?? 2　????? j0??????? z-= 1, ??????—? DEA?? .
????????????? DEA??: C2R ,BC2 , FG, S T , ?? WY.??????
????????? ,??????????? ( 4. b)? ( 5. b)??????? DEA?? .
a )??—?? DEA?? (??? ):
minθ= θ-
s. t. kk (θx0 ) - _ k y0+ W1_ k0  0
　　 k = 1, 2,… , l 
( 6)
654? ??? ,?: DEA?????????????
?? ,????????????
θ-= max
kk ≠ 0
_ k y0 - W1_ k0 kk x 0  1 ( 7)
? (x-0 ,y-0 ) = (θ-x 0 ,y0 ) , ????????? ,??? (x-0 , y-0 )? (x 0 , y0 )???????
?????? .
b)??—?? DEA?? (??? ):
max z = z-
s. t. kk x0 - _ k (z y0 ) + W1_ k0  0
　　 k = 1, 2,… , l 
( 8)
???
z-= min
_ k ≠ 0
kk x 0+ W1_ k0 
_k y0  1 ( 9)
?? ,??????????? ,??? ( x0 , z-y0 )? (x 0 , y0 )????????????
? .
???? (x 0 , y0 )?????????????????? (x 0 , y0 )???????
?????????? (???????? ) d-??? ,??
d- = min
k
kk x 0 - _k y0 + W1_ k0 
‖kk ‖ 2 + ‖_ k ‖ 2 =
kk- x 0 - _ k- y0 + W1_ k-0 
‖ kk- ‖ 2+ ‖_ k- ‖ 2
( 10)
???? ,???? d- = 0? , (x 0 , y0 )?? DEA??? .?????? ( x0 , y0 ) ,????
?????????kk- x - _k- y+ W1_ k-0 = 0,?????? ,???? ( x0 , y0 )?????
??????
( x-0 , y-0 ) = x 0 -
d-
‖ kk- ‖ 2+ ‖_ k- ‖ 2
kk-T0 , y0+ d-
‖ _k- ‖ 2+ ‖ _k- ‖ 2
_ k-T0 ( 11)
? d > 0? , (x-0 ,y-0 )???????????? ( x0 , y0 )?????????? .
5　??????
??????????????? ,?????????????? ,???????
?— DEA?? .????— DEA??: WY, FG, ST ,??????????????? ,
????“??”?? .??????? [8 ] .
?? 2　????? (x 0 , y0 )? DEA?? WY??? DEA?? ,?
a ) ( x 0 , y0 )?????????????: ( x0 , y0 )? DEA?? S T??? DEA?? ,
?? DEA?? FG???? DEA?? ;
b ) (x 0 , y0 )?????????????: (x 0 , y0 )? DEA?? ST??? DEA?? ,
??? DEA?? FG???? DEA?? ;
c) ( x0 , y0 )?????????????: (x 0 , y0 )? DEA?? ST???? DEA?
? ,?? DEA?? FG??? DEA?? ;
d) (x 0 ,y 0 )?????????????: (x 0 , y0 )? DEA?? ST???? DEA?
? ,?? DEA?? FG????? DEA?? .
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?? DEA??????“?”?? ,??????????????? .?? ,????
???:
?? 1　??? ( 8)??? DEA?? ,???? (x 0 , y0 )?? DEA????????:
???? k-, 1 k- l ,_ k- ≠ 0, ??kk- x 0 - _k- y0+ W1_ k-0 = 0.
??　?? ( 9)? ,??????? ;??????????? .? z-= 1, ?????
???:
a )???? k = 1, 2,… , l ,??kk x 0 - _ k y0+ W1_ k0 > 0,? ( 9)??? z-> 1,?? .
b )??????kk x 0 - _k y0+ W1_ k0 = 0? k ,?? _ k = 0,????? k ,??kk x 0
- _ k y0 + W1_ k0 > 0,?? ( 9)? ,??? z-> 1,???? .
? a) , b)?? ,????? k-, 1 k- l ,??kk- x 0 - _ k- y 0+ W1_ k-0 = 0,? _ k- ≠ 0.
???? 1,??????? 3.
?? 3　? (x 0 ,y0 )? DEA?? WY??? DEA?? ,?
a ) ( x0 , y0 )??????? ,??????????????:
i) ??? k′( 1 k′ lFG ) , ?? _ k′FG≠ 0,kk′FGx0 - _ k′FG y0+ _ k′0FG = 0;
ii)?? k″( 1 k″ l ST ) , ?? _ k″ST ≠ 0,kk″S Tx 0 - _ k″S T y0 + _ k″0S T = 0.
b) ( x0 , y0 )??????? ,??????????????:
i) ?? k′( 1 k′ lFG ) ,?? _k′FG≠ 0,kk′FGx 0 - _k′FGy0 + _ k′0FG = 0;
ii)?? k″( 1 k″ l ST ) , ?? _ k″ST ≠ 0,kk″S Tx 0 - _ k″S T y0 + _ k″0S T = 0.
c) (x 0 , y0 )??????? ,??????????????:
i) ?? k′( 1 k′ lFG ) ,?? _k′FG≠ 0,kk′FGx 0 - _k′FGy0 + _ k′0FG = 0;
ii)??? k″( 1 k″ lS T ) ,?? _k″S T≠ 0,kk″S T x 0 - _ k″ST y0+ _ k″0ST = 0.
d) (x 0 ,y 0 )??????? ,??????????????:
i) ??? k′( 1 k′ lFG ) , ?? _ k′FG≠ 0,kk′FGx0 - _ k′FG y0+ _ k′0FG = 0;
ii)??? k″( 1 k″ lS T ) ,?? _k″S T≠ 0,kk″S T x 0 - _ k″ST y0+ _ k″0ST = 0.
????????: ( i)?? 2??? 3??????? (x 0 , y0 )? DEA??WY??
? DEA??????????? .???????? ,?????????? .?????
????????????????????????????????? ,?????
???????????????????????????? . ( ii ) ????? ( x 0 ,
y0 )? WY?????? DEA??? ,??????? DEA?? WY,??? (x 0 , y0 )?
T WY????????? (x-0 , y-0 ) = (x 0 , z-y 0 ) , ??
z-= min
_ k
WY
≠ 0
kkWY x 0+ _ k0WY_kWY y0
????????? (x 0 , y0 )??????? ,??????????????? (x-0 ,y-0 )
??????????? .????? ,?????????????? .
6　?　　?
DEA?????????????:??????? .????? ,????????
674? ??? ,?: DEA?????????????
???:
a )??????????? ,?????? ,?????????????????
? .??? ,?????“???”??? .
b)????????????????? ,??????????????????
??????? ,??????????? .
c) ????? ,????????????????? ,????????????
???????? [12 ]??? .
d)?????????????????? ,???“??”?????? .????
??“ DEA???”????????????? .
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The Intersection form of Production Possibility
Set in Dea and Its Applications
WEI Quan-ling
1 ,　 M A Zan-fu2 ,　 YAN Hong3
( 1, 2. School of Economics, Renmin Univ er sity o f China , Beijing 100872, China)
( 3. Depa rtment o f Logistics, The Hong Kong Po ly tech nic Univ er sity , Hong Kong )
Abstract: 　 The DEA theo ry , model and method ar e used to evalua te the r ela tiv e efficiency
among th e giv en decision making units, th e applica tions in the economics a re reflected in the
constr uction of production po ssibility set. Pr oduction possibility se t in DEA has tw o equiv alent
fo rms: sum fo rm and inter section fo rm. In com parison, the la ter one ha s mo re geometric
visualization and convenience o f ca lcula tion.
Keywords: 　 data envelopment analysis; production po ssibility set; inter sec tion form; sum
fo rm
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